There is controversial data in the literature about the characteristics or features of dual hepatitis B and C infection. Several studies have reported that the dual infection has a more severe histological picture; faster progression leading to cirrhosis and a higher risk for hepatocellular carcinoma compared with the single infections. These findings have not yet been supported. We assessed the patients with dual hepatitis B and C infection with respect to their different features in our country. Method: the chronic hepatitis patients of our clinics were tested, and both HBsAg and anti-HCV positive patients with chronic hepatitis were enrolled to the study. All patients were tested for the biochemical parameters and the presence of HBV-DNA and HCV-RNA. Results: Of the 1950 patients, 51 (2.6%) were both HBsAg and anti-HCV positive and 67 were antidelta positive. Patients were followed up for 5.4 ± 2.1 years. Of the 51 dual hepatitis patients, 6 had no HBV-DNA and HCV-RNA detectable by PCR, 36 were only HCV-RNA positive, 9 were only HBV-DNA positive and 3 were both HBV-DNA and HCV-RNA positive. Dominant infection in ¾ of the patients was hepatitis C. Clinical and histological properties of the cases with dual Hepatitis B and C infection showed no significant differences compared to the single infections. In conclusion, regarding the prognosis, no significant differences were found between such dual and single infections. Dual infection with hepatitis B virus and delta virus is a significantly more severe condition than the dual infection with hepatitis B and C viruses.
Chronic viral hepatitides cause serious health problems in terms of their prevalence, morbidity and mortality. A subgroup of patients may have hepatitis B and C infections concomitantly. The rate of occurrence of the two hepatitides occurring at the same time has been reported from different countries and varies from a range of 1 to 15 percent. [1] [2] [3] [4] [5] [6] [7] It has been suggested that the real prevalence is much higher in the regions where Hepatitis B is moderate to highly endemic, and that the presence of HBV-DNA can be detected in serum and/or liver tissue with sensitive methods in a large proportion of patients with chronic hepatitis C, despite the absence of detectable HbsAg. [8] [9] [10] It is generally considered that the course of delta infection is more severe than that of single hepatitis B and C infections. 11 However, delta infections with very benign course have been reported in some areas of the world. 12 Moreover, there is controversial data in the literature on the features of dual hepatitis B and C infections. Whereas several studies have reported that the dual hepatitis B and C infections have a more severe histological picture, faster progression to cirrhosis and have a higher risk for hepatocellular carcinoma (HCC) compared with any of the single Hepatitis B or C infection, 2, 3, 5, 13 others have not supported these findings. 14, 15 In our country, yet there has not been any comprehensive study of hepatitis B and C coinfection. We assessed 51 patients who had been diagnosed with dual Hepatitis B and C infection with respect to their different features. We compared their status and features at the time of diagnosis with the status of patients having single hepatitis B, C and delta infections.
Patients and methods
The study included patients who were diagnosed as carriers of inactive hepatitis B, chronic viral hepatitis or related cirrhosis and those who were screened for HBsAg and anti-HCV with third generation ELISA [Abbott Laboratories (EIA), North Chicago, IL, USA], in the Department of Internal Medicine, Cerrahpasa Medical Faculty, University of Istanbul, between January 1991 and February 2006. An informed consent in writing was obtained from each patient and the study protocol conformed to the ethical guide-lines of the 1975 Declaration of Helsinki as reflected in a priori approval by our institutional review committee. Serum HBV-DNA was tested with molecular hybridization technique without amplification (Digene Hybrid-capture; Murex Diagnostics, Dartford, UK). The patients who had acute hepatitis and HCC were excluded from the study, since none of the patients diagnosed with acute hepatitis B were screened for HCV-RNA by RT-polymerase chain reaction (PCR) (Roche, Amplicor, Basel, Switzerland), a marker of acute hepatitis C infection, and HCC was the subject of another similar study. Of total 1950 patients, 51 (2.6%) were both HBsAg and anti-HCV positive (Table I ) and the routine biochemical and hematological analyses were performed for this subgroup of patients. The diagnosis of inactive carriage of hepatitis B virus was based on a normal physical examination together with HBsAg positivity, all liver function tests being within normal limits, and serum HBV-DNA negativity by HBeAg [Abbott Laboratories (EIA), North Chicago, IL, USA] and hybridization assays. The diagnosis of chronic hepatitis B was made by the elevation of serum ALT level for at least 6 months, a serum HBV-DNA level detectable by the hybridization (HBeAg positive or negative), and a histologic activity index score ≥ 4 on liver biopsy. The diagnosis of chronic hepatitis C was based on the presence of anti-HCV and HCV-RNA in the serum, and the evidence of chronic hepatitis in the liver. The patients who were diagnosed with decompensated cirrhosis had ascites, marked esophageal varices or hepatic encephalopathy. All patients who were positive for HBsAg and anti-HCV were tested for the presence of HBV-DNA by hybridization assay, and the samples that gave negative results were retested by PCR. All patients were tested for HCV-RNA using PCR and the genotype by the acid-guanidium-phenol-chloroform method. 16 Patients were followed up for 5.4 ± .2.1 years (mean ± SD; range: 3-10). Various parameters of 36 chronic hepatitis patients who had dual B and C infection and were HCV-RNA positive were compared with those of 38 chronic hepatitis B, 38 hepatitis C, and 38 delta hepatitis patients who were followed up during the same period of time.
Statistical evaluations were performed using the Student's , Mann-Whitney U, chi-square, or Kaplan-Meier tests when applicable. A p value < 0.05 was considered significant.
Results
Of 51 patients with hepatitis B and C co-infection, 6 had neither HBV-DNA nor HCV-RNA detectable by PCR, of whom 4 had normal physical examination findings, biochemical liver function tests and imaging results, and 2 had decompensated cirrhosis. Four patients were positive for HBeAg and HBV-DNA, while being negative for HCV-RNA. Two patients were positive for anti-HBe/HBV-DNA while being negative for HCV-RNA. Three out of 51 patients were positive for both HBV-DNA and HCV-RNA. In the remaining 36 patients, only HCV-RNA were found positive. Tables I, II and III show the status of patients with dual infection according to viral markers.
The above mentioned 4 patients who were negative for both HBV-DNA and HCV-RNA and in whom all results were within normal ranges seemed to be carriers of hepatitis B, and showed no evidence of HCV replication, although they were exposed to hepatitis C virus. Two of these patients underwent liver biopsy, and their hepatitis activity index (HAI) scores were found to be 1 and 2. In fact, liver biopsy is not indicated for such patients according to the standard guidelines. These patients were those who were found to be positive for anti-HCV among 718 inactive hepatitis B carriers. As a conclusion, among the inactive hepatitis B carriers who underwent anti-HCV detection, the proportion of those found to be positive was 0.55%. During follow up, none of these patients showed elevations in the ALT and AST enzyme levels, and HBV-DNA and HCV-RNA continued to remain negative. The rate of anti-delta positivity was 0.27% among inactive hepatitis B carriers. Overall, six patients who had normal enzyme levels during the 6-month follow up period were positive for both anti-HCV and HCV-RNA but negative for HBV-DNA. Only these six patients representing 17.6% of 34 patients with HCV-RNA positive chronic hepatitis underwent liver biopsy, which showed minimal hepatitis in two patients, mild activity and mild fibrosis in three patients, and moderate activity and moderate fibrosis in one patient. Among our 378 HBsAg negative patients monitored for chronic hepatitis C, 12% had persistent normal ALT enzyme serum levels, whereas only 28 HCV-RNA positive patients had chronic hepatitis accompanied by elevations in the transaminases serum levels.
The mean ALT and AST enzyme levels in the patients with chronic hepatitis accompanied by high ALT enzyme levels were found 93 ± 97 U/L and 97 ± 130 U/L, respectively. The chronic hepatitis patients diagnosed with hepatitis B, C and delta hepatitis had mean serum ALT enzyme levels of 121 ± 99 U/L, 110 ± 63 U/L and 144 ± 90 U/L, and mean serum AST enzyme levels of 94 ± 96 U/L, 86 ± 73 U/L and 110±63 U/L, respectively. The patients with delta hepatitis had significantly higher mean ALT enzyme serum levels compared to those with dual hepatitis B and C infection (p = 0.01). The proportion of male patients among the chronic hepatitis/compensated cirrhosis patients with hepatitis B and C dual infection (81%) was significantly greater than among those with chronic delta hepatitis (p = 0.046) and chronic hepatitis C (p = 0.014) (Table IV) . Inflammatory activity was mild in 30% of the patients, moderate in 50%, and severe in 20%, with no fibrosis in 10%, stage 1 fibrosis in 30%, stage 2 in 45%, and stage 3 in 15%. There was no significant difference for the average level of fibrosis between dual infection and single hepatitis B or C virus infection. Four out of 36 patients (11%) who were positive for HBsAg and HCV-RNA with high levels of liver enzymes and underwent liver biopsy had cirrhosis, and this rate indicated no significant difference from that of those with single hepatitis B or C virus infection (Table V) . Cirrhosis was detected in 28.9% (11/38) of the patients with delta hepatitis; this rate was significantly higher than for those with single hepatitis B or C infection, and dual hepatitis B and C infection.
The numbers of the patients who were diagnosed with single chronic hepatitis B, single chronic hepatitis C, and delta hepatitis during the same period were 482, 378, and 38, respectively, while six patients were diagnosed with decompensated cirrhosis. Among those patients who had been screened for HBsAg and anti-HCV during the same period, 166 were HBsAg positive, 92 were anti-HCV positive, 27 were anti-delta positive decompensated cirrhosis cases. The percentage of decompensated cirrhosis in delta hepatitis was significantly higher than in the other hepatitides (p = 0.001). Clinical status of the patients are summarized in Table I .
During the follow-up period, in one of the patients who were followed up with the diagnosis of initial chronic hepatitis (HBV-DNA-and HCV-RNA positive), HCC was identified, and eventually decompensation developed in the same patient. This patient refused transplantation and died. One patient was admitted with the diagnosis of decompensated cirrhosis and presented with terminal hepatic insufficiency, liver transplantation was not done because the patient had no social security; and this 12 sec) . It was observed that her previous serological results remained unchanged, HBV-DNA was positive, but the HCV-RNA was negative. Anti-HAV IgM and anti-delta negativity was found. A short period of time after hospitalization, she developed hepatic encephalopathy, and died on a hepatic coma within 10 days, despite supportive therapy. One female patient who was followed up with the diagnosis of decompensated cirrhosis and positive only for HCV-RNA also died due to hepatic insufficiency during the follow up period. One HBV-DNA positive and HCV-RNA negative male patient with an initial diagnosis of decompensated cirrhosis underwent liver transplantation. Another HBeAg-positive patient in our study presented with fatigue. This patient had an ALT enzyme level of 277 U/L and AST enzyme level of 228 U/L, and showed mild activity and no fibrosis on liver biopsy. A 23-year old male patient on renal replacement therapy was positive for HBsAg, HBeAg and anti-HCV, and negative for HCV-RNA, with HBV-DNA levels being above 2000 pg/ mL. On liver biopsy, HAI score was 2 with no fibrosis.
Finally a 68-year female patient also was found positive for HBsAg, HBeAg and anti-HCV, and negative for HCV-RNA, with a HBV-DNA level of 749 pg/mL. Her liver biopsy showed an HAI score of 14 and stage 1 fibrosis. Of the two HBV-DNA negative and HCV-RNA positive patients with an initial diagnosis of chronic hepatitis, one developed HCC and was followed for 6 years. This patient initially presented with moderate activity and moderate fibrosis with a HBV-DNA level of 678 pg/ mL, and was found positive for HCV-RNA by PCR. Lamivudine therapy was administered for 2 years, and with viral relapse after the discontinuation of lamivudine. HCV-RNA remained positive on follow-up visits. He initially presented with an alpha fetoprotein level of 27 IU/mL, which was decreased to 13 IU/mL with lamivudine therapy, and then increased to 32 IU/mL 6 months after the discontinuation of lamivudine therapy, with no mass on imaging findings. He was a non-compliant, hard to follow-up patient for two years. When he presented and HCC was detected with esophageal variceal hemorrhage. His initial platelet count of 102.000/mm 3 showed progressively decrease over time, including the course of lamivudine therapy. A retrospective assessment suggested that this patient actually had cirrhosis, which could not be detected by histological examination. For this patient, alcohol consumption and the presence of hepatic stenosis with a body mass index (BMI) value of 31.2 kg/ m 2 was considered as co-carcinogenic factors. Another HBV-DNA negative and HCV-RNA positive patient was a female who was diagnosed when she was 53 years old. She was found asymptomatic at initial diagnosis. Her liver biopsy showed a HAI score of 5 with no evidence of fibrosis. During the four years of follow up, her serum ALT enzyme level remained constantly below 1.3 the border- line limit of normal. Mean 5-year survival was 92%. Although it was 98 % when only patients with chronic hepatitis were considered. This survival rate was 75% for dual hepatitis B and delta infection, which was significantly lower compared with dual hepatitis B and C infection (p = 0.01). In 2 patients a triple infection (e.g. HBsAg, anti-delta and anti-HCV positivity) was seen during the 15 years period. In both of them HBV-DNA and HCV-RNA negativity and HDV-RNA positivity were found, so the dominant infection was delta hepatitis. In one of these patients, serum ALT and AST enzyme levels were found 240 U/L and 306 U/L and in the other 50 U/L and 41 U/ L, respectively.
Discussion
Co-existence of the parenterally-transmitted hepatitis viruses, i.e. the occurrence of multiple infections, is not rare. Coexistence of hepatitis B and C viruses is called co-infection or dual infection, and these viruses that usually show a casual co-existence suppress each other's replication. 3, 4 The presence of hepatitis B virus is essential for delta virus to cause infection. Rarely, all three viruses may occur together in the same patient, a condition called triple infection.
In the present study, we mainly focused on the hepatitis B and C co-infection, but also compared the parameters with those of single hepatitis B, C and delta infection.
Dual infection is typically characterized by HBsAg and anti-HCV positivity. However, several studies have reported a silent hepatitis B infection in some hepatitis C patients and the presence of HBV-DNA in their liver and sometimes serum, despite HBsAg negativity in serum. [8] [9] [10] In a study from Japan, 65 patients with HBsAg negative hepatitis C were evaluated, of whom 34 had HBV-DNA in the liver tissue. 8 Of these patients, 23% and 28% were found to be positive for anti-HBs and anti-HBc, respectively. Silent hepatitis B infection has been reported to be more frequent in genotype 1b.
In a study published in Korea, 70% of the patients diagnosed with HCC had the markers of hepatitis B infection, whereas only 8% had those of hepatitis C infection. 9 However, 18% of the HCC patients with HCV viremia were positive for HBsAg, while 37.5% were negative for HBsAg with HBV-DNA positivity detected by PCR and most of them were anti-HBs/anti-HBc positive. Therefore, it has been concluded that the presence of HBsAg positivity is not an absolute finding for the patients with HBV/HCV co-infection accompanied with HCV viremia to be diagnosed with dual infection, and at least two times more patients had findings of a previous HBV infection accompanied by HBV-DNA positivity. Taking up the subject in this point of view and considering that 5% of our population are HBsAg positive and additional 30% are anti-HBc/anti-HBs positive, it can be suggested that the patients we considered within the scope of co-infection were those who had over co-infection, there might be an even higher number of patients with silent co-infection than the number of these patients, and the reason that co-infection was not observed as a more morbid condition than single hepatitis B and C virus infections might be the result of omitted patients with silent co-infection.
Sagnelli et al. have detected anti-HBc positivity in 88 of 205 patients (47.6%) who are anti-HCV/HCV-RNA positive and HBsAg/anti-HBs negative. Of the patients who are anti-HBc positive, 68% are anti-HBe positive, and 36.3% HBV-DNA positive. Histological liver damage has been reported to be higher in the anti-HBc positive patients than in the anti-HBc negative patients, independently from the HBV-DNA status. 10 It has been reported that, in proportion of these patients, HBV-DNA was lost from circulating blood as a result of the suppression of HBV by HCV, but its replication still continued in the liver.
Cacciola et al. have detected HBV-DNA sequences in the liver tissue in 33% of 200 HBsAg negative chronic hepatitis C patients. Cirrhosis has been detected in 33% of 66 patients with HBV-DNA sequences and in 19 % of 134 patients without HBV-DNA sequences (p < 0.05). It is interesting that the average rate of cirrhosis (27%) observed in this study is aproximatly four times the rate that has been previously observed in chronic hepatitis C. 17 Sagnelli et al. have found the mean fibrosis score to be significantly greater in the patients with dual infection than in those with single infection. 8 Similarly, in our study, the fibrosis score tended to be greater in the patients with dual infection than in those with single infection, although the difference was not statistically significant. Several previous studies have also reported nonsignificant differences 2, 3, 18, 19 ( Table V) . In the study by Sagnelli, the fibrosis score in HCV-RNA negative dual infection has been found to be greater than in HCV-RNA positive dual infection. In this case, the aggressivity of HBV, which becomes free from the suppression of HCV, may play a role. A study has reported that despite the loss of HCV-RNA from circulating blood depending on the suppression of HBV in dual infection, replication was more aggressively in the liver. 20 In a study from Italy, 59 out of 837 (7%) HBsAg positive patients were reported to be anti-HCV positive, of whom 6 (10.2%) were negative for both HBV-DNA and HCV-RNA, while 5 (8.5%) were positive for both HBV-DNA and HCV-RNA (6). Thirty-six patients (44.4%) were positive for only HBV-DNA, and 9 patients (25%) for only HCV-RNA. Similarly, in our series, the percentage of the patients with dual infection among all HBsAg positive patients was so close to that observed in this series. The percentage of HBV-DNA negative and HCV-RNA negative patients was also similar. However, we observed
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the dual positivity of HBV-DNA and HCV-RNA in two patients, and Hepatitis C was preponderant in our series. Only 12% of the patients were positive for only HBV-DNA (of whom 4 being HBsAg positive), whereas 70% were positive for only HCV-RNA. The percentage of cirrhosis patients was 28.8% in the series mentioned above, whereas it was 11.1% in our series. In another study published in France, among 33 patients with dual infection, 14 were reported to have HBV replication, and 19 to have HCV replication, with no data given for either of them, the HBV-DNA and HCV-RNA patients. 2 The results of that study were similar to those of our series in terms of viral markers. In a study from Italy, only 6 of 30 patients with dual infection were found positive for HBV-DNA. 7 In that series, the dominant virus was HCV, as observed in our series. In another Italian study, interestingly, 35 HBsAg positive patients were identified among 82 anti-HCV positive patients, and HBV genome was detected in the liver tissue in 24 patients. Thereby, more than half of the anti-HCV positive patients appear to have dual infection, representing an unusual rate. 20 In two studies from Taiwan, dual infection was reported in a substantial proportion (10-20%) of the patients diagnosed with fulminant hepatitis. 22, 23 In our series, we did not observe such patients. We could have erroneously diagnosed the female patient who had acute hepatitis enzyme levels and died after a fulminant course with fulminant hepatitis, any data from her examinations performed 18 months ago and biopsy performed 6 months ago was not available. However, it is known that sometimes such exacerbations during the course of chronic hepatitis B may result in a fulminant course. We don't know whether accompanying anti-HCV positivity in this patient had an unfavorable effect on outcome.
In a review published by Liaw, 24 the frequency of HCV positivity among the HBsAg carriers through the world has been reported to be more than 10%.
Zarski et al. detected HBsAg in 23 (1.8%) of the 1248 hepatitis C patients with higher transaminase levels (all HCV-RNA positive). 2 Four patients were HBeAg positive and 19 were anti-HBe positive, and in nine patients HBV-DNA was detected and in fourteen was not. In our series, the rate of the patients with HBsAg positive among chronic hepatitis B patients with higher enzyme levels was substantially higher (9.5%) than the mentioned rate levels.
In the above mentioned series, the percentage of HBV-DNA positivity was 0.7% which was similar to the one of our series. The explanation of the first finding is not difficult, because the prevalence of the HBsAg positivity in our country is five times higher than that in France. In the above mentioned study, no relationship was found between the type of HCV genotype (1 or non-1) and HBV-DNA positivity and negativity. Although more than half of the patients enrolled in this study were infected with HCV genotype non-1, all the patients included in our series were HCV genotype 1 and this situation supports the thesis that such a relationship does not exist.
When dual HBV and HCV infection is compared with dual HBV and HDV infection, it was seen that the second dual infection is more aggressive than the first one. Among 73 patients admitted with dual HBV and HDV infections between the years of 1991 and 2006, decompensated cirrhosis and HCC was found at the time of diagnosis in 27 and 6 patients, respectively. However, only in 6 patients among 51 patients who had dual B and C infection patients (p = 0.013), decompensated cirrhosis was determined and there was no patient admittance with the diagnosis of HCC (p = 0.041).
In the first patient who was on renal replacement therapy severe inflammation activity and severe fibrosis was identified. The other patient had inflammatory activity and moderate fibrosis. It appears that the dominant infection was delta infection in triple infections.
Finally, co-positivity of HBsAg and Anti-HCV in our country is not a common situation. The rate among inactive hepatitis B carriers, chronic viral hepatitis/compensated cirrhosis and viral decompensated cirrhosis was found as 0.55%, 4.4% and 2.1%, respectively. Dominant infection in ¾ of the patients was hepatitis C. Clinical and histological properties of the cases with dual B and C infection showed no significant differences compared to the single infections. Regarding the prognosis, no significant differences were found between such dual and single B or C infection. However, dual infection with hepatitis B virus and delta virus is a significantly more severe condition than the dual infection with hepatitis B and hepatitis C viruses.
